Lowering production costs while maintaining an optimal level of production is important to producers in extensive environments. Efforts that strive to match the environment to the nutritional requirements of the grazing animal will substantially improve economic returns to the producer. Therefore, a 3-yr study was implemented that evaluated glucose clearance and serum metabolites in primiparous beef heifers (n = 48; 16/yr) from two different feeding regimes. Serum metabolites and glucose clearance measures were analyzed by fitting a repeated measure mixed model using the MIXED procedure of SAS 9.4 (SAS Inst., Inc., Cary, NC). Heifers dams received adequate 1.8 (ADEQ) or marginal 1.2 (MARG) kg/d winter supplementation for approximately 80 d prior to parturition and their heifer calves were then randomly assigned to heifer development treatments that provided ad-libitum (AL) or 80% of ad-libitum (LAL) feed post weaning. Heifers that received the AL treatment during the developmental period were then assigned the 1.8 kg/d winter supplementation for life, whereas heifers that received the LAL treatment during development were assigned the 1.2 kg/d winter supplementation for life. Peak glucose concentrations in response to a bolus dose of glucose changed in magnitude between ADEQ and MARG in utero treatments and decreased further removed from parturition (P = 0.05). However, these changes did not manifest along with other glucose clearance measures (P > 0.17) indicating that regardless of in utero treatment or heifer development treatment the reduction in feed input did not greatly influence glucose clearance measures or baseline serum metabolites throughout postpartum, first parity period.
Introduction
Extensive livestock production challenges producers to match available resources to requirements of livestock being raised in a given environment. Livestock producers in arid and semi-arid environments must adapt to current environmental conditions to maintain a sustainable level of animal production and provide economic security to the livestock operation. Producers are often faced with making decisions to either liquidate cattle or purchase additional feedstuffs with the latter resulting in increased production cost and threatening the sustainability of the livestock operation in the future. The challenge for researchers is to develop management accepted approaches that result in minimal financial liability. Current research efforts are being implemented to optimize nutrient utilization while not maximizing or meeting intake potential of grazing livestock yet optimizing the use of dietary nutrients to support serum metabolites going towards developing tissues. By not maximizing dietary intake but reducing the amount of supplementary harvested feeds during times of diminished forage quality the cost of production can be reduced, and the focus then shifts to the necessity of nutrient use by the animal and maintaining production goals.
In Northern Great Plains, USA, as well as, other similar arid and semi-arid environments harvested feedstuffs are supplemented during the periods when grazing livestock is consuming poor quality and/or an insufficient quantity of forage is available. This feeding paradigm may ultimately mask or result in higher production cost in future offspring. If culling strategies account for up to 20% of bred females and a producer retains 55% of weaned females most of the production costs to develop those heifers is associated with feed [1] . While many approaches have been used to minimize the cost associated with the development of replacement heifers, such as altering timing of prepubertal growth [2] [3] there may be detrimental impacts on onset of puberty [2] . Yambayamba et al., [4] conducted a study evaluating physiological and metabolic changes associated with dietary restriction and subsequent realimentation on compensatory gain. Authors conclude that ruminants more severely restricted have greater compensatory gain upon realimentation due to greater efficiency of converting dietary nutrients to maternal tissue. Building upon these concepts, under the current paradigm the approach is to allow animals to more naturally adapt to the environment that they're being raised in. In this effort, less emphasis is on maximizing intake, rather the focus is shifted to supplying nutrients in reduced amounts and allowing the grazing ruminant to adapt and become more efficient at utilizing dietary feedstuffs. In a companion study, Waterman et al., [5] observed no determinantal impact in first parity milk yield when nutritional inputs were lessened during in utero and post-weaning heifer development. The present study evaluates glucose clearance and serum metabolites (urea N, non-esterified fatty acids, and β-hydroxybutyrate) throughout first parity lactation that may be influenced by nutritional regimens implemented during in utero and post weaning development. Thus, our objective was to evaluate effects 
Material and Methods

Study Location and Environment
This The LARRL encompasses 22,500 ha and has an average elevation of 730 m. Average daily temperatures range from −12˚C in January to 24˚C in July with daily maximum temperatures occasionally greater than 37˚C during summer and daily minimum temperature occasionally dropping less than −40˚C during winter. Winter mean temperatures during the study were similar to the long-term average [5] . Predominant grasses at this site include grama (Bouteloua), needle grass (Hesperostipa), and wheatgrass (Pascopyrum; Kuchler, 1964) [6] . Average standing crop of forage produced annually at the study site is 870 ± 14 kg/ha [7] . Stocking rate was 1.27 ha/AUM and the quantity of forage available in the 53.8 ha pasture during 128 d that primiparous cows were on trial was in excess of cattle needs. More specific information on forage characteristics and nutritional regime can be obtained in our companion study [5] .
Herd Management
Dams of heifers used in this study come from a stable composite population (1/2 Red Angus, 1/4 Charolais, 1/4 Tarentaise) described by Newman et al., [8] [9] and primiparous cows were nursing steer calves in this study. Management of this population is such that dams receive a lifetime treatment of either adequate (ADEQ) or marginal (MARG) winter supplementation consisting of alfalfa hay (1.8 or 1.2 kg/d) for 80 d prior to parturition [10] . Briefly, at weaning heifer calves are removed from their dams, relocated to dry lots, and developed in pens that facilitate individual feeding using Calan gates (American Calan, Northwood, NH). At weaning, a 140-d developmental period is initiated where diets consisted of either ad-libitum (AL) or 80% of ad-libitum (LAL-less than ad-libitum). Diets for LAL heifers are adjusted every 28-d using the following formula: LAL = 0.80 × mean body weight (BW) of restricted/mean BW control × mean daily feed intake (as fed basis) of controls over the 28-d period.
Just prior to breeding, after the 140-d developmental period, heifers were commingled and managed similarly through their first breeding season. At time of pregnancy conformation, the now primiparous were assigned to lifetime fall/winter treatments. The now primiparous cows, which during heifer development and had received the all treatments, were now assigned the ADEQ (1.8 kg/d) 
Experimental Animals
Throughout this 3-yr study, sixteen primiparous cows nursing steer calves were selected from the previously described population. Primiparous cows were selected to provide equal subclass representation for in utero nutrition for 80 d prior to parturition (ADEQ and MARG, n = 24 respectively) and post-weaning heifer development treatment (AL and LAL, n = 25 and 23, respectively) and for having steer calves of similar age. 
Measurements
Statistical Analysis
Glucose half-life was estimated for each animal by regression of the logarithmic transformed metabolite concentrations over time [15] [16] . Area under the curve (AUC) was determined for glucose concentrations using trapezoidal summation. within each treatment and year, γ l the lth year effect (random effect), α j the jth in utero treatment, β k the kth post weaning treatments, ρ m the mth day effect (repeated measures factor and is a fixed effect), and e the associated error. The denominator degrees of freedom for significant testing were adjusted using the Kenward-Rodger approximation. The REPEATED statement included collection date with the subject cow by (in utero × heifer development treatment) using an autoregressive covariance structure. Covariates used in the analysis of serum metabolites and GCT measures included calf birth weight, and days in milk. Sta- 
Results and Discussion
In Utero and Post Weaning Heifer Development Serum Metabolites and GCT Measures
Peak glucose concentration following the bolus dose resulted in a in utero × week (P = 0.05, Figure 1 ). While there were differences in magnitude for primiparous cows to have different peak glucose concentrations following bolus infusion of glucose across weeks following parturition (i.e., during first parity lacta- Previous studies evaluating glucose clearance in this management regime observed no difference in peak glucose concentrations immediately following heifer development or again in early gestation during their second pregnancy [13] . Serum NEFA concentrations had observed changes in magnitude from weekly serum samples for in utero × week (P < 0.01, Figure 2 ). Serum NEFA concentrations provide evidence of amount of fatty acids either coming from lipolysis to support an energy need or from the diet going towards lipogenesis for energy storage. Serum NEFA concentrations early in postpartum may suggest that MARG in utero treated heifers relied on adipose tissue to meet energy needs but quickly returned to similar concentrations as those observed for ADEQ in utero supplemented cows. In general serum NEFA concentrations declined as the post-partum period progressed until later weeks when forage quality was known to diminish as forges senesced [5] . Results suggest that serum NEFA concentrations increase in later weeks when forage quality is diminished and more prominently used for an energy need. This data would also suggest that ADEQ in utero treated cows may be more reliant on these energy stores than MARG treated cows in periods when forage quality is diminished. Physiological conditions of the ruminant allow for communication between adipose tissue and the liver, while the volatile fatty acid butyrate, fermentation product from the rumen, is the primary source for ketone formation in the liver, when animal is in moderate to severe energy negative energy balance. If or when butyrate supply is diminished NEFA provide the carbon for ketones in the liver [18] .
Bi-weekly GCT measures and weekly evaluation of serum metabolites are described in Table 1 . Data from these measures strongly suggest that first parity cows that received ADEQ and MARG in utero treatments and subsequently received AL or LAL development treatments have very similar post-partum responses when subjected to bi-weekly GCT and from weekly serum metabolite profiles.
The strongest response observed was across weeks or as cows progressed further away from parturition (Table 2) . Glucose disappearance (%/min), increased (P < 0.01) as days in lactation increased and glucose AUC diminished. Both of these measures indicate that regardless in utero or development treatment all first parity cows responded similarly. Baseline glucose, and urea N concentrations declined (P < 0.01) across weeks as cows became more removed from partition, whereas, β-hydroxybutyrate concentrations increased (P < 0.01). These changes in baseline metabolites is most likely attributed to changes in forage quality, but again all first parity cows responded similarly regardless of in utero or development treatment. In conclusion, an inutero nutrition effect × week, when dams received supplementation during the last 80 d of gestation was observed for peak glucose concentration following glucose clearance test and for peripheral concentrations of non-esterified fatty acids for primiparous first parity beef cows, whereas no other significant measures for glucose clearance or weekly metabolites were observed. This data suggests that reduction in supplemented feed during the in utero treatment period and the designed 20% reduction in harvested feed input during post-weaning development (on a common body weight basis) resulted in similar responses in glucose clearance measures and serum metabolite profiles compared to their counterpart which received greater amounts of. In fact, the reduction in feed during heifer development ultimately resulted in a 27% decrease in overall feed input for heifers developed in the LAL group. In other words, developing heifers with ad libitum intake compared to heifers developed at 20% less feed results in similar first parity glucose clearance measures and serum metabolite profiles. This data along with previous research conducted within this management regime not only indicate similar biological responses but an approach to decrease production cost and maintain an optimal level of production for producers. Agricultural Sciences 
